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Transport related SDG
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Challenge
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Challenge

CHALLENDGE

Is Lisbon mobility more sustainable 
than other metropolitan region 
mobility?

mailto:camsilva@fc.ul.pt
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Commuting duration

Waste fuel Waste time Quality of life/ €

mailto:camsilva@fc.ul.pt
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MODULE #2 - Energy efficiency and emissions 

Radar graph

Economic 
sucess (5 

indicators)

Global 
Environment 
(9 indicators)

Quality of 
Life (11 

indicators)

Mobility 
System 

Performance(
7 indicators)
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MODULE #2 - Energy efficiency and emissions 
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Energy efficiency

DATA…..DATA…..DATA….
DATA…..DATA…..DATA….
DATA…..DATA…..DATA….
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Transportation vehicles 

• Can be classified by:

✓ Modes; 

✓ Function;

✓ Geographical coverage;

✓ Ownership;

✓ Automation level;

✓ Tecnhology;

✓ Fuel/energy source;

✓ Eletric vehicles;

✓ Biofuels;

✓ Emission standard.

mailto:camsilva@fc.ul.pt
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CLASSIFICATION OF TRANSPORTS

Fully 
Autonomous

Semi-
Autonomous

Level 0

Pure eletric

Hybrid

Monofuel

Automation Mode TechnologyService & ownership Fuel

Conventional
Dual-fuel

Bi-fuel

Flexfuel

Geographical coverage

mailto:camsilva@fc.ul.pt
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TRANSPORTATION BY TECNHOLOGY

• Pure electric (battery EV)

• Plug-in Hybrid (PHEV)

• Hybrid (HEV)

• Conventional (ICEV)

BEV

ICEV

mailto:camsilva@fc.ul.pt
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TRANSPORTATION BY TECNHOLOGY

https://www.ine.pt/xportal/xmain?xpid=INE&xpgid=ine_indicadores&contecto=pi&indOc
orrCod=0007244&selTab=tab0

mailto:camsilva@fc.ul.pt
https://www.ine.pt/xportal/xmain?xpid=INE&xpgid=ine_indicadores&contecto=pi&indOcorrCod=0007244&selTab=tab0
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TRANSPORTATION BY TECNHOLOGY

• Diesel

• Gasoline 

• biodiesel

• bioethanol

• GPL

• Natural gas

Monofuel

Bi-fuel (2 main tanks, e.g. LPG 
& gasoline)

Dual-fuel (main fuel tank & 
small tank start fuel)

Flex-fuel (1 main tank, both 
fuel mixed)

mailto:camsilva@fc.ul.pt
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TRANSPORTATION BY EMISSION STANDARD

• Pre-Euro < 1992
• Euro I
• Euro II
• Euro III
• Euro IV
• Euro V
• Euro VI > 2014

Less sulfur (in the fuel 500 ppm to 5ppm)

Less NOx (in tailpipe 0.5 g/km to 0.08 g/km)

Less PM (in tailpipe 0.18 g/km to 0.05 g/km)

https://dieselnet.com/standards/

mailto:camsilva@fc.ul.pt
https://dieselnet.com/standards/
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TRANSPORTATION BY EMISSION STANDARD

https://dieselnet.com/standards/

The first carbon dioxide emission targets for new passenger cars were set in 1998/99 
through voluntary agreements between the European Commission and the automotive 
industry represented by three manufacturer associations: ACEA (European Automobile 
Manufacturers Association), JAMA (Japanese Automobile Manufacturers Association) and 
KAMA (Korean Automobile Manufacturers Association). 

mailto:camsilva@fc.ul.pt
https://dieselnet.com/standards/
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TRANSPORTATION BY EMISSION STANDARD

https://dieselnet.com/standards/

mailto:camsilva@fc.ul.pt
https://dieselnet.com/standards/
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TRANSPORTATION BY EMISSION STANDARD
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TRANSPORTATION BY EMISSION STANDARD

https://theicct.org/sites/default/files/publications/ICCTupdate_EU-95gram_jan2014.pdf

mailto:camsilva@fc.ul.pt
https://theicct.org/sites/default/files/publications/ICCTupdate_EU-95gram_jan2014.pdf
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Energy units - equivalencies

MJ

kWh

Nm Applied force to object in each dislocation

Usually related with heat

Usually related with electricity

kcal Energy need to increase 1 kg of water by 1°C  
at a pressure of 1 atmosphere

mailto:camsilva@fc.ul.pt
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Energy units - equivalencies

MJ

1 kWh

1 Nm 1 J

Usually related with heat

kJh/s *3600s/h = 3.6 MJ

1 kcal 4.184 kJ

mailto:camsilva@fc.ul.pt
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Energy units - equivalencies

toe - ton oil equivalent

mailto:camsilva@fc.ul.pt
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Energy units - equivalencies

toe - ton oil equivalent

1 000 000 goe = 41 870 000 kJ
1 gep = 0.04187 MJ

mailto:camsilva@fc.ul.pt
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Fuel specifications

JEC Well-To-Wheels report v5

mailto:camsilva@fc.ul.pt
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Fuel specifications

JEC Well-To-Wheels report v5

mailto:camsilva@fc.ul.pt


Carla Silva camsilva@fc.ul.pt MODULE #2 - Energy efficiency and emissions 28

Energy units - equivalencies

MJ/pkm

kWh/pkm

Chemical energy consumed per 
passenger per each km travelled

Electrical energy consumed per 
passenger per each km travelled

MJ/tkm

kWh/tkm

Chemical energy consumed per 
tonne per each km travelled

Electrical energy consumed per 
tonne per each km travelled

mailto:camsilva@fc.ul.pt
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Energy classification by stage

Primary energy – embodied in natural resources (e.g. 
crude oil hydrocarbon or natural gas hydrocarbon) 

Secondary energy – changes primary energy in other 
energy form (e.g. outputs from oil refineries or power 
plants or biorefinery) 

Final energy – sold and purchased by consumers 
(electricity, food, gasoline)

Useful energy – fraction of final energy that produces 
useful work for a specific task

mailto:camsilva@fc.ul.pt
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Energy flows – Sankey diagram

Final Energy Useful EnergyPrimary 
Energy

Secondary 
Energy

mailto:camsilva@fc.ul.pt
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Energy flows – Sankey diagram

Final Energy Useful EnergyPrimary 
Energy

Secondary 
Energy

mailto:camsilva@fc.ul.pt
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Energy flows

Final Energy/ Low voltage electricity

Primary 
Energy/water 
potential energy BEV

Useful Energy/kinetic
Energy+losses

Secondary Energy/High 
voltage electricity

mailto:camsilva@fc.ul.pt
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Energy flows

Final Energy

ICEV

Primary Energy/ 
crude oil chemical 
energy

Final Energy

Useful 
Energy/kinetic
Energy + losses

Secondary Energy/Diesel or 
gasoline or GPL

mailto:camsilva@fc.ul.pt


Carla Silva camsilva@fc.ul.pt MODULE #2 - Energy efficiency and emissions 34

Energy flows

Final Energy

ICEV

Primary Energy/ 
biomass chemical 
energy

Final Energy

Useful 
Energy/kinetic
Energy + losses

Secondary Energy/biodiesel or 
ethanol or hydrogen

mailto:camsilva@fc.ul.pt
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Energy flows – Sankey diagram

USEFUL

FINAL

mailto:camsilva@fc.ul.pt
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Energy efficiency (final to useful)

F

A

mailto:camsilva@fc.ul.pt
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Energy flows – Transport system

Demand for Final Energy

35% TRANSPORT

21% CARS

mailto:camsilva@fc.ul.pt
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Energy flows – Transport system

Demand for Final Energy

mailto:camsilva@fc.ul.pt
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Energy efficiency

E-BIKE Conventional BIKE

Kinetic energy

Biological energy Biological energy

Electric energy 0.17 and 2.25 kWh/100 km
0.08 (MJ/PKM)

Weiss, M., Cloos, K.C. & 
Helmers, E. Energy 
efficiency trade-offs in small 
to large electric vehicles. 
Environ Sci Eur 32, 46 
(2020). 
https://doi.org/10.1186/s12
302-020-00307-8

0.03 (MJ/PKM) 0.06 (MJ/PKM)

mailto:camsilva@fc.ul.pt
https://doi.org/10.1186/s12302-020-00307-8
https://doi.org/10.1186/s12302-020-00307-8
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Energy flows – burning fuel

164 Wh/km

1.8 Lgasoline equivalent/100 km

0.164 kWh/km*3.6MJ/kWh/(32.7 MJ/L )* (100km)  =  1.8 L/100 km

164 Wh/km = 0.59 MJ/pkm

mailto:camsilva@fc.ul.pt
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Energy flows – burning fuel

5 Liters/100 km

5 Liters/100 km = 5L * 32.7 MJ/L * 1/(100km)  =  1.635 MJ/km

1.64 MJ/pkm

mailto:camsilva@fc.ul.pt
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Energy efficiency

210,4 kWh/100 km

61 kWh/100km

MJ/pkm???

mailto:camsilva@fc.ul.pt
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Energy efficiency

https://www.carris.pt/media/cmgbpthv/relatorio-sustentabilidade-2012.pdf

24,68 gep/PK fuel (diesel &natural gas) = 24.68 * 0.04781 = 1.2 MJ/pkm

28,44 gep/PK electric (tram&bus) = 1.38 MJ/pkm

2011

SUSTAINABILITY REPORTING

mailto:camsilva@fc.ul.pt
https://www.carris.pt/media/cmgbpthv/relatorio-sustentabilidade-2012.pdf
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Energy efficiency

2011

MJ/pkm???

mailto:camsilva@fc.ul.pt


Carla Silva camsilva@fc.ul.pt MODULE #2 - Energy efficiency and emissions 45

Energy efficiency

2011

24.2 gCO2e*1kWh/360.59gCO2e = 0.067 kWh/PK

0.24 MJ/pkm

mailto:camsilva@fc.ul.pt
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Energy efficiency

2011

https://ttsl.pt/empresa/documentos-oficiais/

0.024 L/pkm @ 2012 (1.35 MJ/pkm)

0.023 L/pkm @ 2013  (1.3 MJ/pkm)

mailto:camsilva@fc.ul.pt
https://ttsl.pt/empresa/documentos-oficiais/
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Energy efficiency

2011

kWh/pkm = 0.22 MJ/pkm

mailto:camsilva@fc.ul.pt
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Energy efficiency

DOI: 10.1260/0958-305X.21.6.577

mailto:camsilva@fc.ul.pt
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Statistics – energy consumption 

mailto:camsilva@fc.ul.pt
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Statistics - Motorization index

mailto:camsilva@fc.ul.pt
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Statistics –Activity

mailto:camsilva@fc.ul.pt
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Statistics – Energy consumption

DOI: 10.1504/IJGEI.2015.070260

mailto:camsilva@fc.ul.pt
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Statistics – Energy consumption

https://www.un.org/esa/dsd/susdevtopics/sdt_pdfs/meetings/ecm0609/Tom_Hamlin.pdf

mailto:camsilva@fc.ul.pt
https://www.un.org/esa/dsd/susdevtopics/sdt_pdfs/meetings/ecm0609/Tom_Hamlin.pdf
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Statistics – Energy consumption

Source: EUROSTAT
http://ec.europa.eu/eurostat/statistics-explained/index.php/File:Energy_consumption_of_transport_by_mode_EU-28.jpg

mailto:camsilva@fc.ul.pt
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Statistics – Energy consumption

Hong-Kong

Number cars
1000 inhabitants

109

https://www.emsd.gov.hk/filemanager/en/con
tent_762/HKEEUD2017.pdf

287 986 TJ (39 GJ/cap)

2015

Number cars
1000 inhabitants

821

9053 Trillion BTU (282 GJ/cap)

US

mailto:camsilva@fc.ul.pt
https://www.emsd.gov.hk/filemanager/en/content_762/HKEEUD2017.pdf
https://www.emsd.gov.hk/filemanager/en/content_762/HKEEUD2017.pdf
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Statistics – Energy consumption

Hong-Kong

Number bus
1000 inhabitants

0.8

https://www.emsd.gov.hk/filemanager/en/con
tent_762/HKEEUD2017.pdf

287 986 TJ (39 GJ/cap)

2015

Number bus
1000 inhabitants

0.2

9053 Trillion BTU (282 GJ/cap)

US

mailto:camsilva@fc.ul.pt
https://www.emsd.gov.hk/filemanager/en/content_762/HKEEUD2017.pdf
https://www.emsd.gov.hk/filemanager/en/content_762/HKEEUD2017.pdf
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Energy consumption


𝑖
𝑝𝑘𝑚𝑖 ∗ 𝑀𝐽/𝑝𝑘𝑚

1.3 MJ/pkm

0.24 MJ/pkm

1.64 MJ/pkm

1.29 MJ/pkm

0.22 MJ/pkm

Yearly 
updated…..

mailto:camsilva@fc.ul.pt
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Energy consumption


𝑖
𝑝𝑘𝑚𝑖 ∗ 𝑀𝐽/𝑝𝑘𝑚

Yearly 
updated…..

https://www.dgeg.gov.pt/pt/estatistica/energi
a/petroleo-e-derivados/vendas-anuais/

Estimative of gasoline and GPL sales 
within AML….

But Diesel is not separated by vehicle 
type…..

mailto:camsilva@fc.ul.pt
https://www.dgeg.gov.pt/pt/estatistica/energia/petroleo-e-derivados/vendas-anuais/
https://www.dgeg.gov.pt/pt/estatistica/energia/petroleo-e-derivados/vendas-anuais/
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Energy consumption


𝑖
𝑝𝑘𝑚𝑖 ∗ 𝑀𝐽/𝑝𝑘𝑚

mailto:camsilva@fc.ul.pt
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Energy consumption

mailto:camsilva@fc.ul.pt
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Energy consumption

https://censos.ine.pt/xportal/xmain?xpid=CENSOS&xpgid=ine_censos_indicadores&pcensospagenu
mber=15

mailto:camsilva@fc.ul.pt
https://censos.ine.pt/xportal/xmain?xpid=CENSOS&xpgid=ine_censos_indicadores&pcensospagenumber=15
https://censos.ine.pt/xportal/xmain?xpid=CENSOS&xpgid=ine_censos_indicadores&pcensospagenumber=15
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Energy consumption

https://censos.ine.pt/xportal/xmain?xpid=CENSOS&xpgid=ine_censos_indicadores&pcensospagenu
mber=15

mailto:camsilva@fc.ul.pt
https://censos.ine.pt/xportal/xmain?xpid=CENSOS&xpgid=ine_censos_indicadores&pcensospagenumber=15
https://censos.ine.pt/xportal/xmain?xpid=CENSOS&xpgid=ine_censos_indicadores&pcensospagenumber=15
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Energy consumption

mailto:camsilva@fc.ul.pt
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Energy consumption

mailto:camsilva@fc.ul.pt
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Energy consumption

% Local residência/ Modo Automóvel Autocarro Metro Comboio Barco

Cascais 0.645702 0.200722 0.061334 0.091844 0.000399
Lisboa 0.755333 0.11082 0.004296 0.129403 0.000148
Loures 0.586348 0.250123 0.142983 0.01965 0.000895
Mafra 0.627167 0.319095 0.032774 0.020812 0.000152
Oeiras 0.817498 0.177278 0.001804 0.00342 0
Sintra 0.72606 0.166843 0.007043 0.099402 0.000651
Vila Franca de Xira 0.648409 0.140564 0.006711 0.204242 7.46E-05
Amadora 0.660453 0.166505 0.004926 0.16757 0.000546
Odivelas 0.582056 0.227374 0.183789 0.006637 0.000144
Alcochete 0.756375 0.203775 0.001766 0.00276 0.035324
Almada 0.599762 0.237416 0.045395 0.09463 0.022797
Barreiro 0.528791 0.22201 0.013315 0.03345 0.202434
Moita 0.612047 0.231112 0.007676 0.054597 0.094568
Montijo 0.757709 0.167179 0.002226 0.006516 0.06637
Palmela 0.757164 0.151169 0.001481 0.086419 0.003767
Seixal 0.602862 0.174951 0.016502 0.180737 0.024948
Sesimbra 0.74288 0.137864 0.001618 0.113188 0.00445
Setúbal 0.738678 0.205388 0.000791 0.051581 0.003561

mailto:camsilva@fc.ul.pt
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Energy consumption

km Local residência/ Modo Automóvel Autocarro Metro Comboio Barco

Cascais 1024871.747 318590.07 97351.25 145776 632.8827
Lisboa 7370238.606 1081336.9 41919.99 1262659 1445.517
Loures 1130126.348 482086.6 275585.8 37873.51 1725.764
Mafra 247032.9601 125687.37 12909.42 8197.409 59.8351
Oeiras 718007.072 155702.96 1584.187 3003.783 0
Sintra 2776411.999 637998.94 26933.32 380106 2490.699
Vila Franca de Xira 988582.0039 214307.67 10231.13 311393.4 113.7635
Amadora 955028.697 240769.84 7123.251 242308.9 789.2799
Odivelas 505897.0623 197623.49 159740.8 5768.703 124.9129
Alcochete 58505.59664 15762.016 136.6155 213.4618 2732.31
Almada 735694.1653 291224.62 55684.01 116076.7 27963.52
Barreiro 525740.9741 220729.38 13238.5 33256.99 201266.2
Moita 345432.9861 130437.49 4332.305 30814 53373.21
Montijo 202829.7217 44751.887 595.8252 1744.143 17766.42
Palmela 411773.0496 82211.025 805.4754 46997.74 2048.709
Seixal 808022.0944 234488.95 22117.45 242244.4 33438.08
Sesimbra 258716.9647 48012.819 563.5307 39418.98 1549.71
Setúbal 704187.3512 195798.1 754.3885 49172.41 3394.748 0Total pkm = 28 524 168

mailto:camsilva@fc.ul.pt
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Sustainable transportation system

Total - passenger x km

Global 
Environment 
(9 indicators)

Total - freight ton x km

Activity per vehicle - km

Final energy 
consumed per 
fuel – L/km

Share fuel k 
per 
vehicle(%)

Energy 
intensity 
fuel k 
vehicle j 
(MJ/L)

12.7tonnes/truck 
1.5 persons/car

mailto:camsilva@fc.ul.pt
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Sustainable transportation system

E – MJ/pkm (final energy)

Global 
Environment 
(9 indicators)

mailto:camsilva@fc.ul.pt
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Sustainable transportation system

Huss, A, Weingerl, P. JEC Tank-To-
Wheels report v5: Passenger cars. 
Maas, H., Herudek, C., Wind, J., 
Hollweck, B., De Prada, L., Deix, S., 
Lahaussois, D., Faucon, R., 
Heurtaux, F., Perrier, B., Vidal, F, 
Gomes Marques, G., Prussi, M., 
Lonza, L., Yugo, M. and Hamje, H., 
editors. EUR 30270 EN, Publications 
Office of the European Union, 
Luxembourg, 2020, ISBN 978-92-
76-19927-4, doi:10.2760/557004, 
JRC117560.

mailto:camsilva@fc.ul.pt
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Sustainable transportation system

mailto:camsilva@fc.ul.pt
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Sustainable transportation system
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Sustainable transportation system

mailto:camsilva@fc.ul.pt
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Sustainable transportation system

mailto:camsilva@fc.ul.pt
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Sustainable transportation system

https://rea.apambiente.pt/content/transporte-de-passageiros

mailto:camsilva@fc.ul.pt
https://rea.apambiente.pt/content/transporte-de-passageiros
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Sustainable transportation system

https://ec.europa.eu/eurostat/statistics-
explained/index.php?title=Passenger_mobility
_statistics#Mobility_data_for_thirteen_Memb
er_States_with_different_characteristics

https://www.imt-
ip.pt/sites/IMTT/Portugues/Noticias/Paginas/A
nuarioEstatisticoMobilidadeTransportes2021.a
spx

mailto:camsilva@fc.ul.pt
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Passenger_mobility_statistics#Mobility_data_for_thirteen_Member_States_with_different_characteristics
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Passenger_mobility_statistics#Mobility_data_for_thirteen_Member_States_with_different_characteristics
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Passenger_mobility_statistics#Mobility_data_for_thirteen_Member_States_with_different_characteristics
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Passenger_mobility_statistics#Mobility_data_for_thirteen_Member_States_with_different_characteristics
https://www.imt-ip.pt/sites/IMTT/Portugues/Noticias/Paginas/AnuarioEstatisticoMobilidadeTransportes2021.aspx
https://www.imt-ip.pt/sites/IMTT/Portugues/Noticias/Paginas/AnuarioEstatisticoMobilidadeTransportes2021.aspx
https://www.imt-ip.pt/sites/IMTT/Portugues/Noticias/Paginas/AnuarioEstatisticoMobilidadeTransportes2021.aspx
https://www.imt-ip.pt/sites/IMTT/Portugues/Noticias/Paginas/AnuarioEstatisticoMobilidadeTransportes2021.aspx
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Assignment Module #2

Excel calculation of ENERGY EFFIENCY for Lisbon AML and at least 1 other region 
outside Portugal for the same year. Justify all assumptions.

2017    2020   2021

Deadline: 26 April
Deliver excel by e-mail: camsilva@fc.ul.pt

mailto:camsilva@fc.ul.pt
mailto:camsilva@fc.ul.pt


Thanks
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